BACKGROUND: Genetic diversity is fundamental to breeding programs and consequently has an important role in obtaining new varieties. To properly use the genetic diversity present in germplasm collections, a good knowledge of the agro-morphological traits of each accession is needed. The aim of this study was to explore the production capacity of 24 cowpea landraces from southern Europe, through phenotypic characterization and evaluation in three different locations in Greece and Portugal.
INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walp.) is a primarily self-pollinated species of the genus Vigna, a member of the Leguminosae family. Different areas have been proposed as cowpea domestication centers, 1,2 although it is unquestionably of African origin. 3 Introduction of cowpea in Europe has been reported to occur throughout the eastern part of the Mediterranean Basin, as it was certainly cultivated by the Romans in the first century AD. 4, 5 This grain legume is cultivated in many tropical and subtropical regions of the world. 6 Nowadays, cowpea is cultivated on a small scale in southern European countries, representing only 0.43% of the total cowpea seed production, amounting to 5.59 million tonnes in 2014. 7 Cowpea is mainly used in the human diet but also as forage for animal feeding. It is mainly cultivated for its dry grain, although in some regions young leaves, fresh pods and fresh seeds are also consumed, 8 constituting a significant source of proteins, essential amino acids, minerals, vitamins and fiber. 9, 10 Agricultural productivity of food legumes, grown in semi-arid areas or drylands, e.g. the Mediterranean Basin, is usually characterized by instability, as it is influenced by several environmental constraints, such as water scarcity and extreme temperatures 11, 12 that prevail in these areas. 13 Tolerance to low water regimes and adaptation to high temperatures make cowpea an important crop for southern European countries; thus it is considered one of the most drought-tolerant crops. 11, 14 Furthermore, cowpea capacity to establish symbiosis with rhizobia and mycorrhizal fungi allows it to grow in low-fertility soils, reducing or even eliminating the need for application of inorganic fertilizers, thus resulting in a more environmentally sustainable culture as well as rendering it one of the soil fertility-restoring crops. 9, 15 Cowpea cultivation in southern Europe depends to an extent on a remarkable number of cowpea landraces that constitute a valuable genetic material for breeding programs. 16, 17 They possess significant phenotypic variability and some have developed the capacity to tolerate biotic and abiotic stresses, and thus are used in agricultural systems with low inputs and high yield stability. 18, 19 Based on the landraces that still preserve high genetic variability in traits related to tolerance/resistance to certain abiotic and biotic factors, and high nutritional value, it is possible to establish a cowpea breeding strategy to obtain more productive and nutritious varieties. The implementation of these breeding programs will be of great importance for Europe, which is a major importer of grain legumes such as cowpea, 10 501 tonnes of dry cowpea having been imported in 2015 by the European Union. 20 Availability, identification and characterization of plant genetic resources are fundamental to knowing the diversity present in the original material and the best way of undertaking a breeding program. Traditionally, the first step in studies of diversity and genetic relationships is to measure the variation in qualitative traits (such as growth habit and pattern, flower and seed color) and quantitative agronomic traits (such as number of pods per plant, number of seeds per plant and seed weight). Regarding cowpea, in recent years several studies have been carried out on morphological and agronomical characterization.
4,21 -25 In these studies a high level of variability between and even within cowpea landraces has been verified, which may be useful for breeding programs. However, a large amount of the European cowpea genetic material remains unexplored and unutilized by breeding programs. For this purpose, the main objective of this study was to explore, characterize and evaluate cowpea landraces originating from two southern European countries, grown in three different locations, aiming to enlarge the genetic diversity used in modern breeding programs. grown in a greenhouse for 2 weeks in AUA. The seedlings were then transplanted in the field and the plants were spaced at 50 cm from row to row and 20 cm apart within the row and drip irrigated. In INIAV and UTAD, 20 seeds per accession were directly sown in plots of 3.75 m 2 and plants were spaced at 75 cm from row to row and 25 cm apart within the row. In INIAV the accessions were drip irrigated, whereas in UTAD they were irrigated along grooves.
MATERIALS AND METHODS

Plant material and experimental design
A randomized complete block experimental design (RCBD) was used in AUA with four replicates and three plants per replicate per accession. In INIAV and UTAD a completely randomized experimental design was implemented and 12 plants of each accession were randomly selected. During the growing season, weeds were hand-controlled and incidences of pests and diseases were handled through chemical management in all locations.
Climate data
Altitude of locations ranged from 24 m (AUA) to 465 m (UTAD), and differed mainly regarding their average mean air temperature ( ∘ C) and precipitation (mm). The average maximum (T max ) and minimum (T min ) air temperature ( ∘ C) and total rainfall (mm) per month (from April to September) were recorded at weather stations located at each experimental location (Table 2 ).
Morphological and agronomical traits
A total number of 14 qualitative and quantitative traits were analyzed in the three experimental locations according to IBPGR descriptors. 26 Regarding qualitative traits, growth habit, flower color, seed color and shape, and eye color were recorded in all plants of each accession used in each location. Regarding ), while 100-seed weight (g) was determined by weighing two random samples of each accession. Protein content (%) was determined by the Kjeldahl method 27 and calculated by multiplying the nitrogen content by 6.25.
Data analysis
All the traits were compared per accession across all and for each one of the three locations (AUA, INIAV and UTAD). Per accession and location, 12 plants were considered as replicates. The evaluation of qualitative traits was determined by the frequencies of each trait. Descriptive statistics per quantitative trait and location were obtained using the summary statistics procedure in SPSS program version 8.0 (IBM SPSS, Inc., Chicago, IL, USA). For each trait, the minimum, maximum, mean and standard deviation, and coefficients of variation (CV) were calculated.
To estimate variance components of traits, a complete linear mixed model was used in the analysis of all the quantitative traits within and across the accessions and locations using the restricted maximum likelihood (REML) algorithm of SPSS program version 8.0. wileyonlinelibrary.com/jsfa 
RESULTS AND DISCUSSION
The environmental parameters or climatic data recorded in 2014 comparative to historical averages at the three locations (AUA, INIAV and UTAD) can be considered normal, suggesting that the data observed in this study reflect the plant performance in each location.
Qualitative traits are considered the most appropriate to determine a specific cultivar/variety because they are mostly genetically controlled, being independent from the environment. In this present study, the frequencies for each five qualitative traits studied were determined in regard to the three different locations (Table 3) .
Growth habit presented some variation among locations, erect growth being the most common (47.4% and 86.9%, respectively) in AUA and UTAD, whereas in INIAV semi-erect (79.17%) was the most prevalent growth habit regarding the total accessions studied. For consumers and farmers, seed traits such as color seed and eye, seed size and seed coat are considered the most important traits of cowpea. 30, 31 In all locations, seeds had a predominant cream color, kidney shape and black eye (Table 3) , in accordance with consumer preferences. 22 These findings are in contrast to the results obtained by Negri et al. 4 and Egbadzor et al., 24 who observed a higher variability in these two traits in cowpea accessions from Italy and Ghana.
Regarding the nine quantitative traits (Table 4 ), a high variability was observed in the number of days to flowering among the three locations. The average number of days to flowering was 52 (AUA), 65 (INIAV) and 99 (UTAD), with an average of 73.39 for the three environments (Table 5 ). This differentiation could be explained by the different temperature range observed in the three locations and also the different sowing dates in each location ( Table 2 ). The INIAV sowing date was earlier than AUA and UTAD because among the three locations INIAV is the warmest, so it is important to sow early (Table 2 ). In general, cowpea accessions with the higher and the lower values were concordant; namely, accession BGE038478 presented the latest flowering in all locations whereas accession Cp5131 presented the earliest one (Table 4 ). The beginning of flowering has been considered an important trait in genotype selection for cowpea improvement. Indeed, Silva et al. 32 referred to its negative correlation with seed production. Moreover, accessions with earlier flowering dates would be more interesting because this way cowpea plants are more likely to escape high temperatures, long water stress periods and low relative humidity. 22 In fact, Hamidou et al. 33 verified that there is a higher drought susceptibility in the flowering stage than in the vegetative stage of cowpea.
Variance analysis revealed significant differences, at a level of 1%, between accessions for six quantitative traits (plant height, first pod height, number pods per plant, number seeds per plant, seed weight and 100-seed weight (Table 4) .
Plant height of the accessions fluctuated particularly in each tested location, ranging from 10 to 200 cm, with a mean value of 77.43 (Table 5) . De Souza et al. 34 previously reported similar maximum values for plant height in cowpea populations and a mean value of 164 cm, whereas a mean value of 113.7 cm was reported by Basaran et al. 35 In comparison, Abayomi et al. 36 reported a maximum plant height of 59.12 cm. A higher CV value was calculated for plant height (61.54%) than that reported by de de Souza et al., 34 indicating the high variability of this trait among the accessions tested in this study.
The average value for the first pod height in the three environments was 33.93 cm.
The extreme values of the three locations were observed in Cp5556 (4 cm) and BGE022146 (125 cm) accessions at the AUA location; at INIAV, the values ranged from 24 cm (Cp4906 and Vg 59 accessions) to 55 cm (BGE038478 accession), with an average of 38.12 cm; and at UTAD from 8 cm (Vg 59 accession) to 58 cm (BGE038474 and BGE038478 accessions), with an average of 28.53 cm (Table 5) .
In modern agriculture, one of the most important characteristics in grain legumes is the first pod height. Plants with compact growth and a great distance of the first pod from the ground are highly desirable, allowing increased sowing density, facilitating mechanical harvesting and benefiting seed quality, since contact with soil and therefore rotting of pods and seeds are avoided. The importance of first pod height was also previously reported by Silva et al., 32 who described a simple correlation between the first pod height and the number of seeds per plant.
High variability was presented for number of pods and seeds per plant. Specifically, number of pods per plant ranged from one (Fradel at AUA and Vg 67 at UTAD) to 166 (BGE038479 at AUA), with an average of 26.56 pods per plant; seeds per plant ranged from four (Cp5556 at UTAD) to 1454 (BGE038478 at AUA), with an average of 193.56 (Table 5 ). The mean number of pods per plant observed in this study, as well as the CV value, was higher than reported by de Souza et al. 34 for Brazilian local cultivars and by Oliveira et al. 37 Seed weight per plant was also characterized by high variability, ranging from 1 to 255 g. All three traits studied that are related to seed yield production presented high CV values, while CV values for number of pods and seeds per plant were higher than these reported by Ajayi et al. 38 for cowpea breeding lines. Hundred-seed weight ranged from to 5 to 33.3 g, with an average of 18.52 g, which was slightly higher than that reported by Perrino et al. 39 among cowpea landraces originating from the Mediterranean region.
Concerning yield, average values were calculated and for this reason it was not possible to perform statistical analysis. The average yield of the three locations was 107.76 g m The parameters that presented higher heritability were different in the three locations: seed weight per plant (AUA), number of pods per plant (INIAV) and 100-seed weight (UTAD) ( Table 5 ). The genetic variability transmitted from parents to their offspring is reflected by heritability. 40 This parameter is very important because it indicates the possibility and extent to which improvement can change a trait by selection. 40, 41 A high heritability alone is not sufficient to perform an efficient selection in advanced generations unless accompanied by a substantial amount of genetic advance. 40, 42 The different heritability observed could be explained by the behavior of the accessions in the different locations, allowing an understanding of how the environment affects these traits.
Regarding all three locations, the protein content varied between 20.20% (Vg50 in INIAV) and 31.90% (BGE038478 in UTAD), with an average of 25.69%. The lowest protein contents observed were 23.28% at AUA (IT97K-499-35), 20.20% at INIAV (Vg50) and 24.35% at UTAD (Vg60). BGE038478 showed the highest protein content in all three locations (28.07% at AUA, 29.34% at INIAV and 31.90% at UTAD). The values of protein content obtained are in agreement with the reference values that have been previously given for cowpea. 9, 43, 44 Correlation coefficients between the six quantitative traits and the three locations together are presented in Table 6 . The number of pods per plant was correlated with the number of seeds per plant (r = 0.813, P = 0.01) and with the seed weight per plant wileyonlinelibrary.com/jsfa (r = 0.809, P = 0.01). This allows us to infer that the selection to increase the number of pods per plant favors seed weight and, consequently, productivity. These results confirm those obtained by Mohammed et al., 45 Stoilova and Pereira 22 and Silva et al., 32 who state that one of the most important components for seed production for cowpea is the number of pods per plant. Number of seeds per plant was negatively correlated with the 100-seed weight (r = −0.144, P = 0.01), which shows that selection for increased number of seeds can induce a reduction in the 100-seed weight.
Four of the five quantitative traits (plant height, first pod height, number of seeds per plant and seed weight) revealed a higher G × E component than genetic variance component (Table 7) . In general, an inverse relationship between 2 ge / 2 g ratio and heritability value was observed.
The first two principal components of PCA explained 97.52% (PC1 = 94.52% and PC2 = 3.00%) of the total variation ( Fig. 1 and Table 8 ). The major trait that contributed to the first component separation was the number of seeds per plant (0.971), and to the second component plant height (−0.548) and protein content (0.790) ( Table 8) . PCA allowed the discrimination of cowpea accessions based on their country of origin. Portuguese accessions were grouped mainly together in the second and third quadrant, while the Fradel variety and the reference line IT97K-499-35 
